Abstract: An improved synthesis of N-isocyanoiminotriphenylphosphorane is reported. This reagent is a safe, stable, solid alternative to diazomethane and TMS-diazomethane in the ArndtEistert synthesis of diazoketones.
During the course of recent studies on the formation of functionalized cyclopropanes via diazoketones, we required a safe, scalable alternative to diazomethane in the Arndt-Eistert synthesis of diazoketones. 1 Trimethylsilyldiazomethane is often touted as a safe alternative to diazomethane, but the opportunity still exists for the in situ generation of diazomethane when using this reagent. Furthermore, the high cost and limited commercial availability of bulk quantities of TMSCHN 2 conspire to make its use on pilot-plant and production scale undesirable.
2 Safe, production-scale industrial use of diazomethane has been reported, 3 but requires significant capital investment and thus does not fulfill the need for an off-the-shelf alternative to diazomethane. Recently, Aller and co-workers reported on the synthesis of diazoketones from the reaction of acid chlorides with N-isocyanoiminotriphenylphosphorane (1), a thermally stable, solid reagent. 4 Aller's method calls for the reaction of 1 with an acid chloride to afford addition product 2, which is then hydrolyzed to afford the isolable diazo precursor 3 (Scheme 1). Treatment of either crude or purified 3 with Et 3 N and catalytic toluenesulfonyl chloride gives the desired diazoketone 4 in moderate to high overall yield. The primary advantage of this method is that the reagent for introduction of the diazo moiety is a stable solid and there is no opportunity for generation of any intermediates or byproducts which pose an explosion hazard when it is used. 5, 6 N-Isocyanoiminotriphenylphosphorane Synthesis Scheme 2 While Aller's method offers an alternative to diazomethane, the procedure for the preparation of 1 7 was found to be unreliable and impractical for large scale use. The isolated yields of 1 were variable, ranging from 20-40% with the resulting product isolated as a predominantly amorphous (and difficult to filter) brown solid. On scaling the reaction to > 100 mmol, yields of only 20% were typical. In order to achieve a practical synthesis of N-isocyanoiminotriphenylphosphorane (1), a detailed investigation of the reaction variables -base, temperature, solvent -as well as the method of isolation, was undertaken. The reagents, products and by-products in the reaction can all be quantitatively assayed by reverse-phase HPLC, which allowed for the rapid screening of reaction conditions. Screening a variety of organic bases led to the choice of 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) as optimal, routinely giving assay yields of 80%.
The reaction was found to perform well in halogenated solvents such as chlorobenzene, dichloroethane, and CH 2 Cl 2 . With MeCN as solvent the reaction was found to be rapid and exothermic; likely a result of the known acceleration of the reaction of triphenylphosphine with CCl 4 in high dielectric solvents (Scheme 2).
8 Consistent with this is the observation that the reaction failed when toluene or a,a,a-trifluorotoluene was employed as solvent.
In an effort to further simplify the production of 1, methods for its direct isolation from reaction were investigated. The solubility of 1 in various solvents was investigated in
order to find an appropriate crystallization solvent or solvent-anti-solvent mixture. With chlorinated solvents, 2-PrOH could be used as anti-solvent to afford crystalline 1 directly from reaction, but mother liquor losses were unacceptably high. The low solubility of 1 in water suggested that the miscible solvent MeCN would posses the optimum qualities for both a reaction and crystallization solvent.
9
Treatment of a solution of DBU, triphenylphosphine and formic hydrazide in MeCN with CCl 4 led to an exotherm, causing the reaction to heat to reflux, at which point HPLC showed the reaction to be complete. Marginally improved results were obtained in a controlled reaction where the internal temperature was maintained at 50 °C by controlling the rate of CCl 4 addition. Upon completion of the reaction and cooling to 35 °C, 1 began to crystallize from solution. Drop-wise addition of water with the internal temperature held at 35 °C, followed by cooling to 4 °C gave, upon filtration, 67% isolated yield from an assay yield of 80%. 10 N-Isocyanoiminotriphenylphosphorane was isolated as an off-white solid which was > 98 wt% when compared with 1 which had been recrystallized (mp 160-161 °C). The only observed impurity was triphenylphosphine oxide. This process has been routinely run on a scale to give > 30 grams of 1 per reaction.
Diazoketone Synthesis
Aller's protocol for the conversion of hydrazidoyl chlorides 3 to diazoketones for simple substrates worked well; however, application of this method to more heavily functionalized hydrazidoyl chlorides such as 7 resulted in poor yields of diazoketone. In a typical example carboxylic acid 6 11 was converted to the corresponding acid chloride and then treated with isonitrile 1. Following hydrolytic workup a 91% yield of the a-ketohydrazidoyl chloride 7 was realized. Exposure of 7 to 1.2 equivalents of Et 3 N and 20 mol% p-toluenesulfonyl chloride gave only a 29% yield of the diazoketone 8 with no starting material recovered. After screening a variety of Lewis acid-base combinations we found that treatment of 7 with i-Pr 2 NH and catalytic ZnBr 2 gave diazoketone 8 in 95% yield (Scheme 3).
While N-isocyanoiminotriphenylphosphorane is hardly an atom-economical route to diazoketones, it more than compensates for this shortcoming when one considers its convenience, safety and cost relative to diazomethane or its alternatives.
12 Given the utility of diazoketones in organic synthesis 13 and the efficient synthesis of 1 disclosed here, we anticipate that N-isocyanotriphenyliminophosphorane will find wide-spread use as a safe and practical alternative to diazomethane in the synthesis of diazoketones. The broader utility of this unique reagent, and the intermediates 2 and 3 derived from it, continue to be investigated in our labs. 
N-Isocyanoiminotriphenylphosphorane (1); General Procedure
To a suspension of formic hydrazide (10.0 g, 166.5 mmol) in MeCN (200 mL) was added PPh 3 (104.8 g, 399.6 mmol) followed by DBU (62.3 mL, 416.3 mmol). The reaction was heated to 50 °C and CCl 4 (40.3 mL, 416.3 mmol) was added drop-wise over a 1 h period maintaining the internal temperature at 50 °C throughout addition. The resulting dark red/brown solution was held at 50 °C for an additional 2 h. The reaction was then allowed to cool to 35 ºC at which point the solution was seeded with 1 (500 mg, 1.65 mmol). 15 To the resulting slurry distilled water (200 mL) was added over 45 min maintaining the internal temperature at 35 °C. The suspension was allowed to cool to ambient temperature and stirred overnight. The suspension was then cooled to 4 °C and held at that temperature for 1 h, filtered and the filter cake washed with 70% MeCN-water (2 × 100 mL). The solids were then dried at 40 °C in vacuo to afford 1 (33.45 g) as an off-white crystalline solid, a 67% isolated yield. HPLC assay of the filtrate and washes showed they contained 1 (6.31 g) for an overall chemical yield of 79%. The isolated solid had an uncorrected melting point of 160-161 °C (lit. 159-160 °C). 
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Hydrazidoyl Chloride 7
To a 500 mL 3-neck round bottom flask with mechanical stirrer was added 6 (18.27 g, 33.5mmol) as a solution in 1,2-dichloroethane (DCE; 183 mL). The solution was treated with of N,N-dimethylformamide (500 mL) followed by oxalyl chloride (4.42 mL, 50.3 mmol) added via addition funnel over 5 min (Caution! Gas evolution). After 40 min the reaction was determined to be complete 16 and the solution of acid chloride was concentrated in vacuo at 40 °C, with simultaneous addition of DCE (360 mL), to 135 mL. 17 The solution of acid chloride was transferred to an addition funnel and added drop-wise over 10 min to isonitrile 1 (15.2 g, 50.3 mmol) suspended in DCE (80 mL). After 2 h, distilled water (36 mL) was added and the reaction stirred overnight. The mixture was transferred to a separatory funnel and the phases were separated. The organic phase was dried over MgSO 4 , filtered and concentrated to an oil. HPLC assay showed hydrazidoyl chloride (18.4 g, 91%) . The crude oil can be used directly in the next step or chromatographed on silica gel using toluene-EtOAc (95:5) as eluent. An analytical standard was produced by crystallizing the chromatographed foam from 2-PrOH; mp 36-137 °C. 
Diazoketone 8 Method B
To a solution of a-ketohydrazidoyl chloride 7 (18.38 g, 30.35 mmol) in CH 2 Cl 2 (100 mL), anhyd ZnBr 2 (1.4 g, 6.1 mmol, 20 mol%) was added, followed by diisopropylamine (5.5 mL, 39.5 mmol, 1.3 equiv). A mild exotherm ensued causing the reaction to heat from 23°C to 29 °C. Thirty-five min after the addition of base, TLC with toluene-EtOAc (4:1) showed the reaction to be complete. The reaction was washed with an aq 1% ethylenediamine tetraacetic acid tetrasodium salt (EDTA-Na; 50 mL) solution. The organic phase was dried with MgSO 4 and concentrated. Flash chromatography on silica gel eluting with toluene-EtOAc (9:1) gave diazoketone 8 as a crystalline solid (12.4 g, 28.8 mmol, 95% yield). The diazoketone could be recrystallized from 10 volumes of methyl t-butyl ether-heptane Aller' s procedure is that the isolation of pure diazoketones from reaction is often simpler than from reactions using TMSCHN 2 or CH 2 N 2 . Diazoketones formed from both diazo reagents invariably are contaminated with a-chloroketones and, in the case of TMSCHN 2 , the a-TMS ketone, both of which are difficult to remove because they usually impart a polarity similar to that of the diazoketone functionality. Using 1 to form diazoketones gives none of these difficult to remove impurities. In our experience in using 1, the overall yield of diazoketone from acid is consistently higher than when TMSCHN 2 or CH 2 N 2 is used. 
